Abstract: There are insufficient data for the development of process design criteria for constructed wetlands systems based on submerged plants as a major treatment agent. The aim of the study was to evaluate the oxygen transfer capacity (OTC) of E. densa, in relation to wet plants' mass (w.m.), and the influence of E. densa on the oxygen concentration and contaminants' removal efficiency from municipal wastewater. The obtained oxygen concentration and temperature data allowed to calculate the OTC values (mg O 2 ·L −1 ·h −1 ), which had been related to wet plants' mass unit (mg O 2 ·L −1 ·h −1 ·g w.m. −1 ). The efficiency of wastewater treatment was determined in relation to initial wastewater content in the mixture of wastewater and tap water (0%, 25%, 50%, and 100%) during 3 days of the experiment duration. The simulation of day and night conditions was done by artificial lighting. Before and after finishing the second experiment, the COD, N total , and P-PO 4 concentration were analyzed in wastewater solutions. The OTC ranged from 3.19 to 8.34 (mgO 2 ·L −1 ·h −1 ·g w.m. −1 ), and the increase of OTC value was related to the increase of wet plant's mass. The research showed that E. densa affected positively on the wastewater treatment efficiency, and the highest efficiency was achieved in 25% wastewater solution: 43.6% for COD, 52.9% for N total , 14.9% for P-PO 4 .
Introduction
Aquatic plants due to their properties are a key element of the constructed wetlands (CW). Proper design of these systems is largely dependent on plants choice. This aspect should be the subject of continuous research, especially since only a few species are widely used [1] . Plants in CW are used to remove nitrogen, phosphorus, other nutrients, heavy metals, and antibiotics [2] . According to various authors, their contribution in removing nitrogen and phosphorus varies from 14.29% to even 80.0% and in the range of 10.76-80.0%, respectively [3] [4] [5] . While floating plants accumulate pollutants through roots, those that are submerged accumulate them throughout the body [6] . The efficiency of removing contaminants depends on the species, plant growth rate as well as the physical and chemical properties of the environment [7] . The vegetation of water areas shows adaptations to environmental features, such as access to sunlight, pH, redox potential, hydraulic retention time, the presence of dissolved oxygen, organic carbon, salinity, and water depth [8, 9] .
Submerged plants in constructed wetlands have the potential to secondary treatment of wastewater, and the main area of their application is the last step in multistage systems [10] . Their activity leads to the reduction of the content of soluble carbon in water [11] and the stimulation • E. densa increases the oxygen saturation in an aqueous environment; • the degree of oxygen recovery and pollutants removal efficiency depends on the initial wastewater pollution level.
The oxygen transfer capacity (OTC) depends on the mass of E. densa content in an aqueous environment. Therefore, the aim of the study was to evaluate the OTC of E. densa, in relation to wet plants' mass (w.m.). Additionally, the influence of E. densa on the oxygen concentration and contaminants removal efficiency from municipal wastewater was tested.
Materials and Methods

General Comments
Research on the species E. densa was carried out in three stages. Stage I was focused on observations of oxygen concentration development in the tank with water (control), and water with E. densa during four days of exposition on the simulated day/night light conditions. The purpose of this stage of the experiment was the proof of the concept that the E. densa has the ability to release oxygen and increase of oxygen saturation in water. The outcome of this stage has qualitative character-verification the hypothesis that E. densa increases the oxygen saturation in an aqueous environment.
Stage II determines the impact of the use of submerged aquatic plants on the transformation of biogenic compounds in the treated wastewater depending pollutants concentration, and on the degree of light intensity (day/night). Optimal technological parameters of wastewater treatment processes, such as their time and load of contaminants, were also determined. Natural atmospheric conditions were simulated in the study. The purpose of this stage of the experiment was the proof of the concept that the E. densa has the ability to release of oxygen and increase of oxygen saturation in wastewater, and that the oxygen content development depends on initial wastewater pollution degree. Additionally, the pollutants removal efficiency from wastewater, in systems with E.densa, in relation to initial wastewater pollution degree was demonstrated. The outcome of this stage has qualitative character-verification the hypothesis that the degree of oxygen recovery and pollutants removal efficiency depends on the initial wastewater pollution level.
In the third stage, the ability to introduce oxygen into the water was determined and the coefficients of this process were determined depending on the degree of plant mass density in the reactor. The rate of the process was also determined. The test system was placed in the experimental chamber, which made it possible to determine and set up constant conditions of light intensity, day and night length, temperature, and humidity. The research was carried out at various content of plant mass in the reactor. The purpose of this stage of the experiment was the determination of OTC of the E. densa in relation to mass content in the aqueous environment. The outcome of this stage has quantitative character-verification the hypothesis that that OTC depends on the mass of E. densa content in an aqueous environment.
Materials
For the study covering all of the stages, 20 plants E. densa were used. Plants were placed in 20 glass bottles with a volume of approx. 1000 cm 3 , each filled with 850 cm 3 of tap water. The initial wet mass (g w.m.) and length (cm) of each used plant were measured (Table 1 ). For normalization of plants' dimension, the ratio of wet mass and length (g w.m. cm −1 ) was calculated. Wastewater used in the second stage the research was collected from the municipal sewage system in the amount of approx. 15 dm 3 . Before the experiment, the sewage was subjected to 24-h sedimentation to remove suspended solids. Out of wastewater prepared in this way, 4 dilutions of wastewater with tap water (100%, 50%, 25%, 0%) were prepared for each of them for two samples with E. densa plants placed in bottles and one with tap water (control sample). Each plant was assigned a number according to the numbering in the first stage of the experiment (Table 2) . The wet plant's mass (w.m.) of 108 (g w.m.) ( Table 1 ) was placed in 25 L aquarium with a magnetic stirrer at the bottom. The oxygen meter OxyGuard Handy Mk II was used for oxygen concentration and temperature measurements. The duration of the experiment was 4 days. The simulation of the day (12 h) and night conditions (12 h) was done by artificial lighting. The light intensity was 100 (W·m −2 ). Before plants installing inside the aquarium, water was chemically deoxygenated by Na 2 SO 3 in the presence of 'Co 2+ ' ions as a catalyst. As a reference, the aquarium without plants was used. After plants installing inside the aquarium, the oxygen concentration measurements were started at 2-h intervals-during lighting periods.
Stage 2-The Efficiency of Wastewater Treatment by Submerged Plant E. densa
The efficiency of wastewater treatment by E. densa was determined in relation to initial wastewater content in a mixture of wastewater and tap water (0%, 25%, 50%, and 100%). The experiment was conducted in 1 L glass bottles filled with prepared mixtures of wastewater and tap water. The wet plant's mass was used in each bottle (bottles marked by 1'-8') with a mass of each plant specified in Tables 1 and 2 . As a reference, the bottles without plants were used (bottles marked by 9'-12') ( Table 2 ). The duration of the experiment was 3 days. The simulation of the day (12 h) and night conditions (12 h) was done by artificial lighting. The light intensity was 100 (W·m −2 ). Before starting and after finishing the experiment, the COD, N total and P-PO 4 concentration were analyzed in wastewater solutions, according to [34] . After plants installing inside the bottles, the oxygen concentration measurements were started at 2-h intervals. The oxygen meter OxyGuard Handy Mk II was used for oxygen concentration and temperature measurements. After plants installing inside the bottles, the oxygen concentration measurements were started at 2-h intervals-during lighting periods.
Stage 3-The E. densa OTC Determination
The wet plants mass (w.m.) ranged from 10 to 100 (g w.m.). Plants were placed in 25 L aquarium with a magnetic stirrer at the bottom. The oxygen meter OxyGuard Handy Mk II was used for oxygen concentration and temperature measurements. The light intensity was 100 (W·m −2 ). Before plants installing inside the aquarium, water was chemically deoxygenated by Na 2 SO 3 in the presence of 'Co 2+ ' ions as a catalyst. After plants installing inside the aquarium, the oxygen concentration and temperature measurements were started at 5-min intervals. The measurements were stopped after the oxygen concentration had reached 70%. Each experiment variant was replicated 5 times. The obtained oxygen concentration and temperature data let to calculate the OTC value, according to the procedure presented by [35] .
Results Analysis
In stage 1 and 2 of the experiment on the base of oxygen concentration (C) (mg O 2 dm −3 ) measurements and known working volume (V) (dm 3 ) of the reactors the amount of oxygen (A w ) by weight (mg O 2 ) in the reactor was calculated both in a variant with plants, and controls (water-stage 1, wastewater-stage 2):
The net amount of oxygen introduced by plants (dA w ) was calculated by subtracting the amount of oxygen in the control reactors from the amount of oxygen in the reactors with plants.
The determined values of dA w were used for calculation of the cumulative net amount of oxygen released by plants during the experiments (Stages 1 and 2).
In stage 3 of the experiment, the OTC was calculated according to the following equation [35] :
where: 11.33-oxygen saturation (max) in water at 10 • C and normal pressure, and calculated probability (p-value) were estimated to indicate the degree of function match to experimental data. The function parameters standard errors were also estimated. Statistical evaluation of the observed influence of wet plants masses on OTC and OTC values per wet plants mass unit was done with application of Statistica 13 software (TIBCO Software Inc., Palo Alto, CA, USA).
Results and Discussion
Stage 1-The Oxygen Concentration Development in Microcosm with E. densa
On the first day of analysis, stabilization of oxygen conditions was maintained for about 5 h (from 7 am to 12 pm). Then there was increasing in the O 2 content in the test with plants. In the variant with plants, the point of full saturation with water oxygen was faster than in the control sample, where it was observed on the next day. This is in line with the observations made by Sorrell and Dromgoole [36] , investigating the OTC of the Egeria densa. In their experiment both in a static medium and in an open flow medium, the partial pressure of oxygen in the roots and shoots of this immersed plant showed initial stagnation lasting from 1 to 3 h and subsequent growth. During the following days of the experiment, stabilization of processes and gas relations in the vessel with E. densa became visible. There was also a clear supersaturation of water with oxygen, which could be associated with a low BOD index. The amount of O 2 remaining in the tissues of E. densa and in the surrounding water allowed not only to satisfy the plant's demand for this element but also to release it outside. On the fourth day of the experiment, the amount of oxygen introduced was again increased (Figure 1 ). The amount of oxygen introduced by E. densa into the water was analyzed every day from 7 am to 7 am the next day. In all four cases (4 days), the initial increase in O 2 content is visible until reaching the daily maximum for the afternoon hours; then, its fall was observed in the night period, which was caused by the respiratory activity of plants ( Figure 2 ). The dependence of the amount of oxygen released on light conditions suggests its origin from photosynthesis [37] . In contrast to emerged plants in which oxygen transported to water comes from the atmosphere, the photosynthetic source of O 2 is a characteristic of submerged plants such as E. densa [38] . However, levels of oxygen release several times higher in the illuminated environment were observed by researchers in plants of various types, both freshwater, and marine, including partially emerged species and overgrown wetlands [39] . Sorrell and Dromgoole [36] explain this with different mechanisms of oxygen transport and storage in plant tissues at daytime and at night. Based on the mentioned studies on Egeria densa species, they came to the conclusion that oxygen produced in chloroplasts stays in the lacunae during the day or overcomes the boundary layer and passes to the surrounding medium (water). The resulting pressure gradient controls the diffusion of oxygen towards the roots. It is also similar to the Dacey [40] study, which proved that in the presence of light plants are able to produce convective gas flow, which is the result of an increase in pressure induced by changes in temperature and humidity. According to this researcher, gases are transported by diffusion only at night, which results in their slower movement and, consequently, stagnation of internal conditions in the tissues of plants in the dark. The reduced supply of oxygen, therefore, causes "night regime" [36] . The largest net amount of oxygen equal to 14.23 mg·L −1 plants were introduced on the second day of testing; a similar result was recorded on the last day (13.64 mg·L −1 ). Lower values were achieved on the first and third day of testing (6.83 mg·L −1 and 8.37 mg·L −1 respectively). Worth noting is also the fact that in the examined vessels, despite the clear influence of the lighting regime, the environment has always been aerobic. This can be explained by the fact that plants release oxygen also in the dark (in the case of an experiment-at night). According to Sand-Jensen et al. [38] , the rate of transfer of O 2 to water in such conditions is about 10 times slower, but it allows for permanent maintenance of the root surface and rhizosphere in aerobic conditions [41] . The net cumulative amount of oxygen introduced by plants is shown in Figure 3 . 
The Efficiency of Wastewater Treatment by Submerged Plant E. densa
The first day of the experiment was characterized by a gradual decrease in the oxygen content in samples with sewage at 50% and 25% concentration. The rate of decrease in the content of O 2 increased with the increase of the sewage concentration (Figures 4 and 5) . For the same concentration, the decrease in oxygen content was slower for samples with plants compared to control samples, which may indicate the effect of the E. densa species on such a course of the process. For the 100% concentration, no changes in the O 2 content were observed, while in the case of the 0% test, a similar course of changes in the oxygen content was noted as in the first stage of the experiment. The introduced net amounts of oxygen increased with the concentration of wastewater, whereby for 0% and 25% concentration, they eventually assumed similar values (Figure 6 ). On the other hand, the course of changes was different: at a 25% concentration, the amount of oxygen in the control sample dropped quickly, while in the variant with plants slower. On the second day of the experiment, a clear predominance of oxygen demand for bacterial decomposition and respiration processes over photosynthesis and oxygen production has become evident. The wastewater concentration of 100% and 50% showed O 2 content at a very low level (near zero). For the sample with a 25% wastewater concentration, an increase in the oxygen content to approx. 38% saturation was visible, which indicates that the turbidity of the sewage was not sufficient to inhibit the photosynthesis process. The content of organic substances could also be so small that the rate of photosynthesis was greater than the rate of respiration processes and the amount of oxygen produced could increase. The O 2 content was decreasing in all concentrations during the night. The changes in the oxygen content for a 0% concentration showed a similar character as on the previous day; the amount of oxygen introduced was also similar, which may be indicative of similar light conditions in both days. On the third day of the experiment, a significant increase in the oxygen content in 0%, 25%, and 50% concentrations was visible. The net amount of oxygen introduced during the day in a 0% concentration was 22.31 mg (26.25 mg O 2 ·L −1 ), reaching the highest value obtained in the studies. Also, the amount of oxygen introduced during the 3rd day for a concentration of 25% was high (19.93 mg, corresponding to 23.45 mg O 2 ·L −1 ). At 50% wastewater concentration, an increase in the amount of oxygen introduced compared to the previous day was observed. This could be due to a decrease in turbidity resulting from wastewater treatment processes occurring in the bottle or a reduction in the amount of organic matter in the solution. The rate of photosynthesis processes was higher than the respiration. On this day, the course of changes in the oxygen content for the three lowest concentrations of sewage showed a similar character as in the first stage of the research. This can be explained by the adaptation of the plants to the prevailing conditions, adaptation of conditions prevailing in the solution or the level of water treatment enabling their efficient functioning. The inhibitory effect of higher sewage concentrations on plant activities in the field of oxygen release has been confirmed in studies by Tanner et al. [42] . They made observations of the level of soluble oxygen in sewage depending on a load of organic matter. The highest level of O 2 was present at its lowest charges. In the same experiment, however, they noted the maximum removal of carbon biochemical oxygen demand (CBOD 5 ) during the period of the highest load. In addition, the average annual reduction of this index was significantly higher in systems using plants than in the control sample. According to Chazarenc et al. [43] , higher loads of organic matter can be treated effectively without decreasing the COD removal efficiency. However, they noticed that the increased load of plants with organic matter may cause hydraulic problems of plant tissues; treatment efficiency would have to be adapted to the right amount of plants and the depth of their roots. The increase of treatment efficiency at the increased input level of municipal sewage was also confirmed by Maehlum and Stålnacke [44] ; in their experiment, it also influenced the removal of organic compounds and nitrogen. Figure 7 shows the effectiveness of the E. densa plant in wastewater treatment. For the 100% wastewater dilution test, a small decrease (5%) in phosphate content in water due to anaerobic conditions, in which organically bound phosphorus was released into the environment, became evident. Similar observations were made by Ng et al. [21] , which was also attributed to the anaerobic digestion of swine slurry, which was a component of the substrate for the plants analyzed. A smaller decrease in phosphate was observed in the control test than in the samples with plants, as indicated by E. densa use of some of the released phosphates or the resulting oxygen on the conversion of phosphorus compounds. The same phosphates removal efficiency between 2-3% determined for all wastewater dilution control variants may indicate the influence of plants on phosphates removal. The increase in the wastewater dilution rate increased P-PO 4 removal efficiency. It could be the synergistic effect of plant's uptake of P-PO 4 and inducing anoxic and aerobic conditions by oxygen release, and therefore bounding P-PO 4 by microbial biomass. In other concentrations, removal of phosphates in samples with plants was observed (for 25% concentration higher than for 50%). This is consistent with Brix and Shierup [14] , demonstrating the suitability of submerged plants including E. densa to remove significant amounts of phosphorus.
There was a visible removal of COD and N total for all wastewater dilutions in variants with plants compared to the control, with its degree increasing with decreasing wastewater concentration. It is worth noting that even in a sample of 100% wastewater concentration, the sample with plants showed a greater efficiency of removing COD and N total than a control sample. This may indicate that there was available oxygen in the systems, which was immediately consumed on the transformation of organic compounds and nitrogen compounds. The increase in COD removal with decreasing concentration was about two-fold in subsequent concentrations, while in the case of N total decrease, it was slightly slower, especially between 50% and 25% wastewater concentrations. In the case of control wastewater dilutions, the removal efficiency of COD and N total was different. In case of COD, the systems with more diluted wastewater (25%), where a slight increase of oxygen saturation was observed during the 3rd day of the experiment (Figure 4) , the removal of organic matter was more efficient than 50% and 100%. It could be related to some availability of oxygen diffused by the water surface from the air. Preferably, available oxygen was used by heterotrophic bacteria to oxidize organic matter than nitrifies to oxidize the ammonia, causing the increase of COD removal in relation to 50 and 100% wastewater dilutions. It could be confirmed that the efficiency of N Total was at a relatively small level between 1 to 6% ( Figure 7 ). It shows that in control systems there were not suitable conditions for nitrification and further reduction of NO 3 due to the denitrification. Probably nitrogen compounds were transformed due to ammonification or were released due to volatilization. In the case of organic matter, anaerobic processes dominated, with some organic decomposition under anoxic or aerobic conditions in a system with 25% of wastewater dilution. The higher rate of COD removal efficiency in systems with plants than in controls could be an effect of higher oxygen availability due to the photosynthetic activity of plants ( Figure 4 ). The increase of wastewater dilution rate increased the oxygen saturation, what stimulated aerobic microorganisms for growth and organic matter consumption. However, the tendency to reduce the chemical oxygen demand observed in the conducted studies is in opposition to the observations made by the mentioned Ng et al. [21] , investigating the effect of E. densa species on water quality. The plants analyzed by the authors did not cause a decrease in COD. Moreover, the COD increase during morning hours was observed. The removal of water turbidity in the reservoirs studied by Ng et al. [21] by 28% contributed to a decrease in COD by < 5%. They attributed the removal of turbidity mainly to the processes of sedimentation and filtration. The low efficiency of COD removal was also observed by Tanner [45] , dealing with the analysis of horizontal subsurface-flow CW.
Such contradictory results show that CWs are still unexplored and complex environment. It is known that the oxygen released from submerged plants creates local aerobic conditions and changes the redox status in the otherwise anoxic or anaerobic environment, which induces growth of aerobic heterotrophic and autotrophic bacteria (nitrifiers), and the aerobic breakdown of organic material [33] . The release of oxygen is related to some extent to photosynthesis, light intensity, and temperature, as well as to the plant species concerned [46] . Additionally, organic compounds, such as sugars, alcohols, and acids that are in the wastewater or released by plants into the rhizosphere can help in nitrate removal by acting as a carbon source for denitrifying bacteria [47] . The majority of microbial processing that occurs in wetlands is attributed to biofilms made up of communities of algae, bacteria, protozoa, and invertebrates. It has been shown that up to 90% of organic and inorganic N can be removed from wastewater by biofilm supported by plants activity [48] .
As the organic matter removal in CW with the submerged plant is determined by oxygen availability, further research on identification of quantitative influence of turbidity on OTC of submerged plants should be done. Similar recommendations may be derived for nitrogen transformations. In the present experiment, the influence of E. densa on nitrogen compounds transformations due to the release of oxygen and modification of redox potential could be seen. The species of E. densa has already been described in the literature as effective in removal of the nitrogen [49] . Its 25% removal from water in the form of NO 3 − -N, NO 2 − -N and NH 3 -N have been reported [21] . This is related to the ability of submerged plants to release O 2 . This allows nitrification processes around the roots, which helps absorb nitrates or nitrates together with NH 4 + , and consequently has an effect on the regulation of the internal pH of the plant [41] . Kuschk et al. [50] considered the temperature and oxygen availability as the main parameters influencing microbiological nitrification. High level of oxidation of the root zone stimulates the growth of nitrifying bacteria, among others in biofilms related to the roots of plants growing on wetlands [51] . The NO 3 − -N produced as a result of their activity then diffuses into anaerobic regions, it is transformed into nitrogen gas and is lost from the system [12] . In the analyzed systems with plants, the N Total removal efficiency increase with the increase of wastewater dilution ratio was observed. It could be related to the increase of oxygen availability increase with a system with lower wastewater content, what could raise the organic matter decomposition rate and parallelly promote the nitrification/denitrification processes. Nitrogen has a complex biogeochemical cycle with multiple biotic/abiotic transformations involving seven valence states (+5 to −3). The compounds include a variety of inorganic and organic nitrogen forms that are essential for all biological life [52] . The most important inorganic forms of nitrogen in wetlands are ammonium (NH 4 + ), nitrite (NO 2 − ) and nitrate (NO 3 − ). Gaseous nitrogen may exist as dinitrogen (N 2 ), nitrous oxide (N 2 O), nitric oxide (NO 2 and N 2 O 4 ), and ammonia (NH 3 ). N losses in the CWs are manly related to removal mechanisms such as ammonification (mineralization), ammonia volatilization, autotrophic nitrification, and heterotrophic denitrification, anaerobic ammonium oxidation (anammox), dissimilatory reduction, plant and microbial assimilation and remineralization during decomposition, filtration, sedimentation, adsorption, and microbial assimilation [53] . Microbial processes are the main mechanisms of nitrogen removal from wastewater in constructed wetlands [54] . Sorption and microbial and algal assimilation of N are rapid, however, the assimilation in the higher plant is usually slower. Some N cycle processes strictly related to microbes include N fixation, the process by which molecular N in the atmosphere is reduced by bacteria and cyanobacteria to NH 4 + . The main pathway of nitrogen transformation is nitrification/denitrification where NH 4 + is oxidized first to NO 2 − and is then further oxidized to NO 3 − , and denitrification, the process used by facultative anaerobic bacteria to oxidize organic matter using NO 3 − as a terminal electron acceptor with a byproduct of N 2 or N 2 O. Thus, a considerable amount of N 2 O may be produced and emitted to the atmosphere [55] . However, the nitrogen removal mechanisms in CW systems still remain poorly understood, as reported in several studies [56, 57] where the nitrogen loss and dissolved oxygen paradox were observed. Therefore, alternative pathways other than nitrification/denitrification are involved in the N transformations (e.g., ammonia removal via nitrite (nitritation), anaerobic ammonia oxidation, autotrophic denitrification, and heterotrophic nitrification) as also observed and reported by Paredes et al. [58] , Tao and Wang [59] . Shipin et al. [60] reported the presence of anammox bacteria in a surface flow constructed wetlands. It is expected that the anammox reaction may play a role in nitrogen removal in a constructed wetland where ammonium and nitrite coexist. Obtained results were achieved as a proof of the concept experiment (Stage 2) and were preliminary before execution OTC tests in relation to the plant's biomass content. Besides that, most of COD and N Total removal processes are considered as microbiological processes, part of nitrogen load could be up-taken by plants due to biomass growth. Plant uptake also plays an important role in increasing N removal [61] . In this aspect, the relationship between wastewater concentration and biomass increment has become apparent ( Table 3 ). The highest level was achieved with a 25% concentration sample, and then 50% and 100%, the lowest one was observed with a 0% concentration. Therefore, not only the amount of available light (turbidity) but also the amount of bio-available nutrients may affect biomass growth. After analyzing the total amount of oxygen introduced into water, no trend was observed as described by Kemp and Murray [62] , according to which the production of O 2 is inversely proportional to the length of the stem of the submerged plant. The largest biomass increase at the 25% dilution was simultaneous with the introduction of 38.5 mg O 2 into the water, which could stimulate the microbial COD and N Total removal processes.
To conclude, the plants in a CWs bring following benefits: plants may create aerobic conditions in an otherwise anaerobic environment, which increase heterotrophic and autotrophic aerobic bacteria biodiversity; plants can provide carbon compounds that may be utilized for microbiological processes; plants may uptake pollutants (N, P, heavy metals) from treated wastewater; plants also may increase the available surface for biofilm growth. The lack of data showing the quantitative dependence of plants oxygen transfer capacity on several environmental factors, such as temperature, redox potential, light intensity, the presence of organics and ammonia nitrogen in the solution, attachment of biofilms to plant surfaces or pH, shows the need of execution of complex research on that phenomenon.
The E. densa OTC Determination
The first and second stage of the research observations of the release of oxygen by E. densa to the water made the implementation of the third stage of the research aimed at determining the OTC value and statistical evaluation of the dependence of the OTC index on the mass content of the plant in the water system. The significant linear correlation between wet plants mass of E. densa and the OTC has been determined. It has been shown that along with the increase in the plant mass content, the OTC index increases. The linear regression equation parameters describing the observed relationship were estimated (p < 0.05). The OTC raised from 3.19 to 8.34 (mg O 2 L −1 h −1 g w.m. −1 ) (Figure 8) .
However, the non-linear dependence between the OTC per wet plants' mass unit and wet plants' mass ( Figure 9) showed that in the range of wet plants' mass from 30 to 100 (g w.m.) the OTC per w.m. unit was constant and was on the level 0.1 (mg O 2 L −1 h −1 g w.m. −1 ) (Figure 9 ). This indicates a limit value of 30 (g w.m.), above which the increase in plant content in water does not increase the efficiency of oxygen input per unit weight of plants. This is an important observation that can be used in modeling and controlling the degree of oxygenation of water, wastewater in CW systems. Further research in this field, on a semi-technical and technical scale, should be continued. Particular importance should be paid to the influence of the depth of the reservoir on light distribution and photosynthetic activity of submerged plants, and hence their impact on the degree of oxygen saturation and the effectiveness of removing pollutants from wastewater. 
Conclusions
Obtained preliminary results indicate that E. densa may be suitable for use in CW as a tool for treating wastewater in the final phase of multistage systems.
The conducted research showed that the E. densa influences on the O 2 concentration in the water leading to oversaturation.
E. densa has the ability to recovery O 2 content in wastewater through the ongoing photosynthesis process. The recovery degree and rate depend on the initial wastewater degree of dilution.
Released of O 2 by E. densa to wastewater had a positive effect on the microbial wastewater treatment efficiency which depended on the initial wastewater dilution degree. The highest treatment efficiency was obtained in a system with a 25% wastewater concentration (43.6% for COD, 52.9% for N total and 14.9% for P-PO 4 ).
The determined OTC of E. densa varied between 3.19 and 8.34 (mg O 2 L −1 h −1 .g w.m. −1 ), and was significantly related to wet plants' mass in the aquatic system.
The wet E. densa mass 30 (g w.m.) has been identified as a limiting value above which the increase in plant content in water does not increase the efficiency of oxygen input per unit weight of plants.
The determined linear and non-linear dependences may be used for modeling and controlling the functioning of CW with submerged plants.
Further research on building the holistic model of CW with submerged plants performance, including the influence of wastewater temperature, pH, turbidity, the concentration of particular pollutants, development of microorganisms' populations, should be continued. 
